Background
The extensive use of antibiotics has led to the increased annual incidence of antibiotic-associated diarrhea (AAD) [1] . AAD is a syndrome resulting from changes in intestinal flora associated with disorders of varying severity caused by antibiotic treatment, with the primary symptom being diarrhea [1] . The reported incidence of AAD in patients treated with antibiotics varies from between 5-35% [1] [2] [3] , possibly due to differences in the populations studied and the types of antibiotics used. The prevalence of AAD increases in cases of combined antibiotic treatment. AAD can occur within several hours after the start of antibiotic therapy and can also occur at up to 6-8 weeks after the antibiotic therapy has been discontinued. A delay in diagnosis can lead to serious complications and, mortality rates as that have been reported to be as high as 15-24% [4] .
AAD is predominantly caused by Clostridium difficile, Klebsiella sp., and Staphylococcus aureus, as well as some fungi and viruses. C. difficile is the most common pathogen causing AAD [3, 5, 6] . The recent increase in the incidence of AAD has made C. difficile an important nosocomial infection, particularly in hospitalized patients. Therefore, AAD increases patient morbidity and mortality, the length of hospital stay, and healthcare costs [7] [8] [9] . In patients admitted to the intensive care unit (ICU), the incidence of AAD is considerably increased, and the condition is more severe [1] . Therefore, AAD is a condition that should be prevented in critically ill patients.
Previously published studies have shown that combined antibiotic treatment, parenteral nutrition, and hospital stay are associated with the occurrence of AAD [1, 9, 10] . Also, different types of antibiotics have different risks of causing AAD [3] . Some antibiotics inhibit the enzymes that are essential for the growth of pathogens and include commonly used antibiotics such as penicillin and vancomycin, which are more commonly used in critically ill patients because they are effective broad-spectrum antimicrobial [1] . However, enzyme inhibitor antibiotics are also associated with the development of AAD in critically ill patients [1] . A recent study showed that the incidence of AAD was significantly different between patients who treated with enzyme inhibitor antibiotics compared with nonenzyme inhibitor antibiotics (35.36% vs. 21.43%) (P=0.013) [1] . However, the mechanisms associated with the effects of enzyme inhibitor antibiotics and the development of AAD remain unclear. Therefore, this study aimed to analyze the factors associated with the development of AAD in critically ill patients receiving enzyme inhibitor antibiotics.
Material and Methods

Study design
A retrospective study reviewed the medical records of critically ill patients admitted to the intensive care unit (ICU) of the First Affiliated Hospital of Xi 'an Jiaotong University between February 1, 2014 and January 31, 2016, who received enzyme inhibitor antibiotic therapy. The patients were divided into the antibiotic-associated diarrhea (AAD) treatment group and non-AAD treatment group. The inclusion criteria were patients admitted to the ICU who had the first use of enzyme inhibitor antibiotic therapy, and treatment that lasted for more than three days [10] . The exclusion criteria included patients who were admitted to the ICU who were not treated with an enzyme inhibitor antibiotic, or multiple admissions to the ICU within one month, or a previous diagnosis of AAD within the preceding three months, and incomplete or missing case file data [1] . All study participants provided informed consent, and this study was reviewed and approved by The First Affiliated Hospital of Xi'an Jiaotong University Ethics Committee (No. XJTU1AF2018LSK-097).
Diagnosis of antibiotic-associated diarrhea (AAD)
Diagnosis of the critically ill patients recruited for this study was made according to the US 2013 guidelines for diagnosis, treatment, and prevention of Clostridium difficile infections [5] , and the 2014 European Society of Clinical Microbiology and Infectious Diseases guidance document for the treatment of C. difficile infection [11] .
Data collection
Baseline patient clinical and demographic data were collected from the medical records and included data on the presence of diabetes, loss of appetite exceeding 72 hours, a history of gastrointestinal surgery, medical treatment including immunosuppressive therapy, and hormone supplementation. Laboratory findings were noted, including serum albumin levels. For each patient included in the study analysis, the Acute Physiology and Chronic Health Evaluation (APACHE II) score on admission to the ICU were retrospectively collected and analyzed.
Statistical analysis
Statistical analysis was performed using SPSS version 18.0 (IBM Corp, Armonk, NY). Data were expressed as the number of cases and percentages and the chi-squared (c 2 ) test was used for correlation between groups. Measurement data were expressed as the mean ± standard deviation (SD), with calculation of the odds ratio (OR) and 95% confidence interval (CI). After the data of all groups were tested for homogeneity of variance and normal distribution, independent sample t-tests were used to calculate the significant difference between groups, and a P-value <0.05 was considered to be statistically significant. Univariate logistic regression analysis was performed for each variable. Each variable with P <0.05 in the univariate analysis was included in the logistic regression model for independent risk factors using multivariate analysis to determine AAD-related factors. The statistical methods of this study were reviewed by Bin Yan from the Clinical Research Center of the First Affiliated Hospital of Xi'an Jiaotong University.
Results
Patient characteristics
Retrospective clinical review identified 184 patients who were admitted to the intensive care unit (ICU) of the First Affiliated Hospital of Xi 'an Jiaotong University between February 1, 2014 and January 31, 2016, who received enzyme inhibitor antibiotic therapy, including 114 men and 70 women (mean age, 55.49±20.54 years). The incidence of antibiotic-associated diarrhea (AAD) was 38.04%, which occurred mainly in patients who had used enzyme inhibitor antibiotics for 6.97±3.64 days. The AAD group included 70 patients (48 men and 22 women) (mean age, 61.01±21.65 years). The non-AAD group included114 patients, (66 men and 48 women) (mean age, 52.10±19.13 years). (Table 1) The mean age and incidence of hypertension were significantly different between the AAD group and non-AAD group (all P<0.05). There were no significant differences between the two groups in terms of gender, diabetes, loss of appetite exceeding 72 hours, gastrointestinal surgery, treatment with immunosuppressants or hormone supplements, albumin levels, and the Acute Physiology and Chronic Health Evaluation (APACHE II) score on admission to the ICU (P>0.05). The incidence of AAD was significantly increased in patients treated with a combination of enzyme inhibitors and other antibiotics and those who received enzyme inhibitor antibiotic monotherapy (51.00% vs. 22.62%) (P<0.001). (Table 1) Correlation between AAD and the use of enzyme inhibitor antibiotics Of the 184 patients who received enzyme inhibitor antibiotic therapy, 87 patients (47.28%) were treated with piperacillintazobactam, and 97 patients (52.72%) were treated with cefoperazone-sulbactam. The incidence of AAD was 34.48%, which was significantly increased in patients treated with piperacillintazobactam combined with other antibiotics than in those treated with piperacillin-tazobactam monotherapy (44.68% vs. 22.50%) (P=0.042). The incidence of AAD was 41.24% in those treated with cefoperazone-sulbactam. The incidence of AAD was significantly increased in patients treated with cefoperazone-sulbactam combined with other antibiotics compared with patients treated with cefoperazone-sulbactam monotherapy (56.60% vs. 22.73%) (P=0.001). There was no significant difference in the incidence of AAD between the different types of enzyme inhibitor antibiotics (P=0.365) ( Table 2) . Correlation between AAD and treatment with enzyme inhibitor antibiotics in combination with other antibiotics
Of the 184 patients who received enzyme inhibitor antibiotic therapy, 100 patients (54.35%) were treated with combined antibiotics. The incidence of AAD was significantly increased in patients treated with enzyme inhibitor antibiotics combined with oxazolidinones compared with patients treated with enzyme inhibitor antibiotics alone (P=0.001). The incidence of AAD was significantly increased in patients treated with enzyme inhibitor antibiotics combined antifungal agents (P<0.001), with enzyme inhibitor antibiotics combined with carbapenems (P=0.015), and with enzyme inhibitor antibiotics combined with quinolones (P<0.001), compared with patients treated with enzyme inhibitor antibiotics alone (Table 3) .
Factors related to AAD in critically ill patients receiving enzyme inhibitor antibiotics
Univariate regression analysis of the risk factors associated with AAD showed that age, use proton pump inhibitors (PPIs), parenteral nutrition, preventive use of probiotics, hypertension, duration of use of enzyme inhibitor antibiotics, antifungal agents, the use of carbapenem, quinolone, and oxazolidinone antibiotics were associated with AAD in critically ill patients receiving enzyme inhibitors antibiotic therapy ( (Table 4) .
Prognostic evaluation
Of the 184 patients who received enzyme inhibitor antibiotic therapy, 20 patients died from their primary disease during the study period, including seven patients in the AAD group and 13 patients in the non-AAD group. Table 5 . The prognosis of patients with and without antibiotic-associated diarrhea (AAD).
AAD -antibiotic-associate diarrhea; ICU -intensive care unit.
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Because of the recent increased use of antibiotics, AAD has become increasingly common [15, 16] . The main clinical manifestations of AAD are diarrhea, mainly presenting with watery stool, sometimes with pus, mucus, or blood, fever, and increased white blood cell count, abdominal distension, abdominal pain, and sometimes more serious associations, including multiple organ dysfunction, and toxic mega colon. A characteristic feature of AAD is the appearance of a large amount of intestinal mucus (pseudomembranous colitis). Among patients with AAD, more than 20% experience initial treatment failure and 40-60% experience a relapse of their symptoms [7, 17] .
Recent studies have shown that almost all antibiotics can cause AAD [18, 19] , particularly broad-spectrum antibiotics [20] , such as lincomycin, azithromycin, cephalosporin, and penicillin [3, 5, 21, 22] . Also, combined antibiotic treatment is most likely to cause AAD [1] . We previously reported that the incidence of AAD was significantly increased when an enzyme inhibitor antibiotic was used in combination with other antibiotics when compared with enzyme inhibitor antibiotic monotherapy [1] . Subgroup analysis of the type of enzyme inhibitor antibiotics showed that the incidence of AAD was significantly increased in patients treated with enzyme inhibitor antibiotics, regardless of whether it was piperacillin-tazobactam or cefoperazonesulbactam [1] . The findings of this previously reported study support those of the present study that the incidence of AAD was increased in patients treated with combined antibiotics, with no significant difference in the incidence of AAD between different enzyme inhibitor antibiotics [1] .
The findings of the present study showed that the incidence of AAD was significantly increased with the use of enzyme inhibitor antibiotics used in combination with antifungal agents, oxazolidinones, carbapenems, and quinolones. Also, the duration of use of enzyme inhibitor antibiotic therapy and use of antifungals, quinolones, and oxazolidinones and the association with AAD in critically ill patients has not been previously reported [1, 10] . The reasons for the increased incidence of AAD in patients treated with enzyme inhibitor antibiotics in combined with antifungal agents may be due to the fact that these patients had more severe disease, reduced immunity, and longer antibiotic use, thus making them vulnerable to developing AAD, and also, the number of patients treated with combined enzyme inhibitor antibiotics and antifungal agents were high in this study population. Further studies with a larger sample size are needed to confirm these findings. However, it is useful to know that for critically ill patients in the intensive care unit (ICU), the use of enzyme inhibitor antibiotics combined with antifungal therapy may increase the risk of AAD.
Treatment with quinolone antibiotics is recognized to be associated with a high risk of the development of drug-resistant bacteria [23] . In particular, combining quinolones with enzyme inhibitor antibiotics has been reported to increase the risk of imbalance in the intestinal flora and increase the risk of AAD, especially in critically ill patients [23] . Studies have also shown that patients treated with cephalosporins are susceptible to AAD [5, 22] . However, these previously reported findings were not confirmed in the present study, which may have been due to the relatively small study population. Also, relatively high grades of broad-spectrum antibiotics are selected more often for the patients in the ICU due to their critical condition, while cephalosporins are rarely used in the ICU setting as they are associated with the development of antimicrobial resistant strains of bacteria [24, 25] .
The findings of the present study showed that the duration of enzyme inhibitor antibiotic therapy was associated with AAD in critically ill patients. Long-term enzyme inhibitor antibiotic therapy may also be related to changes in intestinal flora, resulting in an increased incidence of AAD. In this study, AAD occurred after an average of 6.97±3.64 days following treatment initiation, particularly in patients who were treated with combined antibiotics; the earliest time that AAD developed was after approximately 24 hours from the start of treatment. Despite the development of AAD, these antibiotics cannot be discontinued as they are crucial in the treatment of the patients in the ICU. When patients in ICU with AAD and without AAD were compared, there was a significant difference between the two groups in the duration of antibiotic treatment (14.09±8.82 vs. 8.10±4.91 days) (P<0.001) and the duration of treatment with enzyme inhibitor antibiotics (9.26±5.06 vs. 6.61±3.24 days) (P<0.001). Therefore, clinicians should be made aware of the occurrence of AAD in critically ill patients who require long-term enzyme inhibitor antibiotic therapy.
Treatment with proton pump inhibitors (PPIs) and the presence of hypoproteinemia have been reported to be associated with AAD [26, 27] , and are significantly correlated with the recurrence of C. difficile colitis. In the present study, the associations between AAD and the use of PPIs and serum albumin levels were not assessed but should be investigated in future studies. Also, human albumin may have been infused in some patients prior to admission to the ICU. Prospective studies are also needed to further clarify the relationship between albumin levels and PPIs and the development of AAD.
Critically ill patients who are fasting usually have intestinal dysfunction, which when combined with the use of antibiotics may cause an imbalance in the intestinal flora, promoting the occurrence of AAD. However, this study did not show an association between fasting (loss of appetite) and AAD. Further studies on the association between the length of the fasting time, antibiotic treatment, and AAD are needed. Patients with chronic underlying diseases and multiple organ dysfunction, who are on antibiotic treatment may be more prone to AAD [7, 28] . This study showed that the incidence of AAD in critically ill patients with hypertension who were treated with enzyme inhibitor antibiotics was increased when compared with patients without hypertension. However, although univariate regression analysis showed that hypertension was associated with AAD, no correlation was found in multivariate regression analysis.
Previously published studies have shown that increased age is a risk factor for AAD [7, 28, 29] , with older patients being more prone to AAD [2, 17] . This study also found that the average age of critically ill patients with AAD was higher than that of patients without AAD. Although univariate regression analysis showed that increased age was associated with AAD, multivariate regression analysis did not show any correlation.
There have been previous studies that have shown that admission to hospital for more than two weeks is correlated with the occurrence of AAD [9, 10] . In this study, when compared with patients with combined antibiotic treatment, the duration of stay in the ICU was found to be significantly lower in the monotherapy group (19.00±11.49 days vs. 9.60±6.76 days) (P<0.001), indicating that the occurrence of AAD could prolong the duration of ICU stay for critically ill patients. However, there was no significant difference in mortality between the two groups, which is consistent with our previous study on risk factors associated with AAD in critically ill patients [1] , but inconsistent with the findings of some other studies.
The study findings by our group may be influenced by cultural factors as, for example, in rural areas around Shaanxi, in China, many families request discharge home for critically ill patients when they are still alive. These patients are classified as cases of 'automatic discharge' in the health statistics data, and would not be identifiable from the hospital records as cases of survival or death, which might explain the differences in mortality associated with AAD reported in the literature [1] .
Conclusions
The use of enzyme inhibitor antibiotics is associated with the occurrence of antibiotic-associated diarrhea (AAD) in critically ill patients, particularly for those patients who require longterm antibiotic therapy. Their combined use with antifungal agents, quinolones, and oxazolidinones increases the incidence of AAD in critically ill patients receiving enzyme inhibitor antibiotic therapy. Therefore, to prevent the occurrence of AAD in critically ill patients, antibiotics should be administered conservatively according to their established indications. Combined antibiotic therapy and long-term antibiotic therapy should be avoided if possible. It is hoped that the findings from this study will provide a valuable basis for future prospective, large-scale, controlled, multinational studies to provide an evidence base for the rational use of antibiotics in critically ill patients and to reduce the occurrence of AAD.
